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Abstract. There is a significant increase in the use of mobile communications services and it is expected that this 
growth will continue with the introduction of new generations of technology standards such as Long Term Evolution 
(LTE), for example. The exposure from environmental sources in urban areas is formed mainly by broadcasting 
antennas, and base stations for mobile communications. The large number of telecommunication sources placed in 
the urban areas provoked serious concerns about possible health effects, considering the exposure to electromagnetic 
fields (EMF). Particular attention has been paid to the so-called “critical” or “sensitive” areas around hospitals, 
schools, kindergartens, etc. Hence, there is a need of adequate exposure assessment of the electromagnetic field levels 
in some selected high populated urban areas especially around hospitals, schools, kindergartens to ensure that the 
power density levels are well below the prescribed threshold limits. The report presents an exposure assessment of 
electromagnetic field emitted by telecommunication sources (base stations) which has been performed at selected 
“sensitive” areas around hospitals, schools, kindergartens, located throughout Sofia. The study is conducted under the 
BG07 Program: Public Health Initiatives with the financial support of the Norwegian Financial Mechanism 2009-
2014 and the European Economic Area Mechanism, 2009-2014, entitled “Improving control and information systems 
in risk prevention and healthcare”. Different methods of exposure assessments have been used: in-situ measurements 
(outdoor spot measurements of electromagnetic field values) using non- frequency selective and frequency selective 
measurement methods, as well as a broadband EMF monitoring for continuous measurement of the total EMF from 
all surrounding telecommunication sources that were also provided. The analyses of the measurement results suggest 
that the exposure levels to RF-EMFs are generally well below the reference levels defined by the national and 
European legislation. The electromagnetic field levels at the most studied locations are lower (up to 50%) than the 
limit values according to the Bulgarian legislation and less than 1% of the limit values according to the European 
legislation for the frequency band about 900 MHz. 
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1. INTRODUCTION 

Lately, there has been a significant increase in the 
use of mobile communications services and this growth 
is expected to continue with the introduction of new 
generation technology standards. Respectively, the 
emission levels are different due to the new technical 
characteristics of the antennae, new infrastructure 
deployment, especially in the urban areas. 

The large number of base stations in the populated 
areas provokes serious concerns and fears among the 
population about the influence of EMF on human 
health. Hence, there is a need of adequate exposure 
assessment of the electromagnetic field levels, 
including monitoring of EMF exposure in some 
selected heavily populated urban areas, especially 
around hospitals, schools, kindergartens to ensure that 

the power density levels are well below the prescribed 
threshold limits. 

A study on EMF exposure assessment, conducted in 
Sweden, showed that LTE's average contribution to the 
total radio frequency exposure is less than 5%. [1] 

The results of other studies related to the 
measurement of electromagnetic field from base 
stations show that despite of the increasing number of 
base stations and deployment of additional mobile 
technology, the levels of electromagnetic exposure 
remain almost the same in public areas. [2]-[4] 

2. AIM 

The purpose of this report is to present and analyze 
the results of measurement and evaluation of 
electromagnetic exposure in selected areas of Sofia 
with the presence of “sensitive” buildings and places. 
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3. MATERIALS AND METHODS 

3.1. Methods 

The measuring sites are selected according to 
Method of randomized selection of points for 
measurement and assessment of EMF in “sensitive 
buildings and places”. This method requires 
preliminary information concerning the location of 
sensitive buildings and places such as: hospitals, 
healthcare facilities, schools, kindergartens, homes for 
medical and social care, leisure and recreation, 
playgrounds, etc. Information regarding EMF sources 
and their distribution is obtained after visual 
inspection of the investigated area. [5] 

The locations of “sensitive buildings and locations” 
are defined for the administrative district of the 
respective municipality, and for each selected 
“sensitive” location, points for measuring and 
evaluating EMF values are selected.  

The study covers 22 “sensitive” areas on the 
territory of Sofia.  

The points of measurement are determined by 
visual inspection and survey of the area. The 
measurement points are selected to meet the “worst 
case” criterion in terms of exposure to the population – 
closest building, direction of the emitting sector of the 
antenna system, how the electromagnetic energy falls 
to the place of measurement. 

The measurements are performed according to the 
requirements of EN ISO 50492 “Basic standard for 
measuring the field strength of electromagnetic field 
related to human exposure near base stations” and EN 
ISO 50400 “Basic standard for demonstrating the 
conformity of fixed equipment for transmitting radio 
signals (110 MHz - 40 GHz) intended for use in 
wireless telecommunications networks with basic 
limitations or support levels relating to the exposure of 
the population to radio frequency electromagnetic 
fields in service”, which are specialized international 
standards defining measurement methods, 
measurement systems, and post-processing of results 
for adequate exposure assessment in the vicinity of 
communication radiators.[6], [7] 

For each monitored area, non- frequency selective 
and frequency selective measurement methods, as well 
as 24-hour monitoring of EMF values for estimating 
real-time exposure to EMF, are applied. For an integral 
exposure assessment, a non-frequency selective 
(broadband) method is used at all points defined by the 
cited methodology. This method is suitable for carrying 
out a cumulative assessment of EMF levels, i.e. pooling 
the contributions of all radio frequency sources in the 
spot to be measured. Broadband measurement has 
been used to indicate whether it is necessary to make a 
detailed (frequency analyses and 24-hour exposure 
monitoring) study of the field at a given point. At the 
points where the highest EMF value was measured, a 
selective (frequency analysis) method for detailed 
exposure estimation and information on the 
contribution of each transmitter in the total measured 
EMF at the metering point was applied. They also 
provide 24-hour monitoring by setting monitoring 

stations to collect real-time exposure data for the 
selected location. 

3.2. Measuring equipment  

For non-selective measurements Narda NBM-550 
field strength meter, of NARDA Safety Test Solutions is 
used: with an EF1891 E field probe. Frequency range: 
from 3 MHz to 18 GHz. 

 
Figure 1. Narda NBM-550, NARDA Safety Test Solutions 

For detecting, analyzing and localizing radio 
frequency (RF) signals, Interference and direction 
analyzer IDA-3106/102, NARDA Safety Test Solutions, 
has been used, with a 3100/13 active directional 
antenna set, operating frequency range 9 kHz to 6 GHz. 

  
Figure 2. Interference and direction analyzer IDA-3106/102, 

NARDA Safety Test Solutions 

For continuous 24-hour measurement of EMF 
values, NARDA Safety Test Solutions, NARDA AMB 
8059, with a 100 kHz to 7 GHz operating frequency 
band, were used. 

 
Figure 3. NARDA AMB 8059, NARDA Safety Test Solutions  

4. RESULTS AND DISCUSSION 

4.1. Non- frequency selective and frequency 
selective measurements 

Frequency-selective analysis was performed in 
selected 22 areas of Sofia with the presence of 
“sensitive” buildings and locations. 

For each “sensitive” area, measurement points are 
determined after a site inspection and survey. 
According to the above mentioned methodology for 
determining the point where a frequency-selective 
analysis was applied, each of the “sensitive” areas was 
scanned with broadband equipment for a total 
exposure assessment by a non frequency -selective 
method. 
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Figure 4 shows the locations of the measurement 
points. 

 
Figure 4. Location of measuring points in 

one of the selected “sensitive” areas 

Figure 5 shows maximum power density values 
from broadband measurement for all 22 “sensitive” 
areas surveyed. Measurements are made using E field 
probe in frequency range from 3 MHz to 18 GHz. 

 
Figure 5. Maximum power density values  

at the investigated areas 

In two areas the values of 5.1 μW/cm2 and  
5.3 μW/cm2 were measured, which are different from 
the other with higher values of the measured power 
density. The analysis of the data showed that these 
higher values are due to the presence of more than one 
emitter at a distance of less than 100 m from the 
measurement point. The estimated expanded 
uncertainty is 41 % (confidence level of 95 %). 

These values are about 50% of the permissible 
value (10 μW/cm2 – 6.14 V/m) according to the 
Bulgarian legislation, Ordinance No. 9/14.03.1991. [8] 

A frequency-selective analysis has been applied 
where the maximum field value is measured. 
Frequency response scans were performed in the 
appropriate frequency sub-assemblies. The frequency 
range 450 ÷ 2200 MHz has been investigated, and the 
overlapping method is used for more detailed 
processing of the spectrum. Spectrum mode is used in 
order to detect the signals in the investigated frequency 
range. Maximum (Max), average value (Avg) traces are 
used for initial classification of the nature of a signal. 

Scope mode view of the investigated frequency 
range is presented in Fig. 6. 

Signals which interested us are isolated and directly 
transferred to the other operating modes for foundered 
analysis. 

 
Figure 6. Spectrum view of the signals in the frequency range 

450 ÷ 2200 MHz in the region “12”  

The following Figures 7 and 8 are illustrating the 
signal patterns of sub-divided frequency ranges. 

 

Figure 7. Spectrum view of the frequency range  
910 ÷ 980 MHz  in the region “12”,  

RBW =20 kHz, SWT = 20 ms 

Figure 7 shows that in the frequency band of  
925 ÷ 960 MHz in the region “12”, DL GSM 900 and 
DL UMTS 900 channels are detected of three mobile 
operators. 

 
Figure 8. Spectrum view of the signal patterns in the 
frequency range 1750 ÷ 1900 MHz the region “12” ,  

RBW = 50 kHz, SWT = 17 ms 

LTE emissions consist of specific signals at specific 
time-frequency allocations, known as Orthogonal 
Frequency Division Multiple Access (OFDMA). 

If frequency information about the present LTE 
channels is not available the LTE downlink bandwidth 
is determined using spectrum mode. In this way the 
frequency information and LTE bandwidth can be best 
determined.  

In the frequency band 1750 ÷ 1900 MHz, the main 
contribution is due to the transmission of four mobile 
operators with DL in the bands as follows:  
(1805 ÷ 1820 MHz, 1820 ÷ 1835 MHz,  
1835 ÷ 1850 MHz, 1865 ÷ 1880 MHz) (Figure 8).  

In the 2100 ÷ 2200 MHz frequency band UMTS 
channels of three mobile operators are detected (2125 
÷ 2140 MHz, 2140 ÷ 2155 MHz, 2155 ÷ 2170 MHz). 

Universal Mobile Telecommunications System 
(UMTS) uses a multiple access technique, where 
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multiple users and the signaling are separated by 
different spreading codes (WCDMA - Wideband Code 
Division Multiple Access). By multiplication with the 
spreading code, the data signal is spread in the 
spectrum. The Primary Common Pilot Channel  
(P-CPICH) is the only permanent and formed more 
than 10 % of the maximal power of the station. Due to 
the noise like signal characteristic with high crest 
factor, the RMS detector is used. The resolution 
bandwidth has to be chosen to 5 MHz. A slow mode 
which means very slow sweeping speed is used. 

4.2. Analysis of data from a continuous 24-hour 
measurement of real-time EMF levels  

EMF levels from telecommunication sources are 
constantly changing over time; therefore, adequate 
exposure estimation requires continuous measurement 
of exposure throughout the day and sometimes for 
several days. Data from EMF point measurements 
obtained by a non-selective and selective method are 
very indicative but do not give information about the 
dynamics of the electromagnetic field over time. It is 
very likely that the data from point measurements do 
not reflect the maximum EMF values at a specific 
location. With maximum system load, the so-called 
“high traffic” period, the EMF levels may be higher 
than the measured ones. 

For a full exposure assessment, monitoring stations 
have been installed in the selected “sensitive” areas to 
the points determined by spot measurements to allow a 
continuous 24-hour measurement of EMF levels. All 
results are stored in built-in memory and by 
connection to a computer, data extraction and analysis 
are performed in real time, and after the measurement 
has been completed. The collected information has 
been reviewed, processed, analyzed and put into the 
EMF Source Register.  

In this way, citizens and stakeholders have 
information about levels of exposure created by 
telecommunication facilities, base stations, radio and 
television stations, near schools, hospitals, buildings, 
etc. 

 

Figure 9. Data from a continuous 24-hour measurement of 
EMF levels by a monitoring station located near  

of a school, region “15” 

Figure 9 shows the data from a continuous 24-hour 
measurement of EMF levels from a monitoring station 
located near a fence of a school. (Region “15”). Peak 
measured EMF values are about 1.0 - 1.5 V/m, 
equivalent to 0.3 - 0.6 μW/cm2 for “far field” and flat 

electromagnetic wave. The measured values are due to 
the fact that there are no telecommunication sources at 
a distance of less than 100 m from the installation site 
of the monitoring station. 

As it is described above, two of the “sensitive” areas 
examined by spot measurements were found to have 
significantly higher field strengths than other regions. 
Figure 10 shows the data from a continuous 24-hour 
measurement of EMF levels from a monitoring station 
located near the park of the National Palace of Culture. 
The graph shows that the peak EMF values during the 
daylight are about 5 V/m, equivalent to 6.6 μW/cm2. In 
the hour range of 11 h p.m. to 5 h a.m., the values are 
reduced to about 3 V/m, which calculate in power 
density is equal to 2.4 µW/cm2. These results are due to 
the accumulation of multiple communication sources 
close to the monitoring point. The great number of 
business buildings and users of mobile communication 
also determines the higher EMF values during the day. 

 
Figure 10. Data from a continuous 24-hour measurement of 

EMF levels by a monitoring station, region “4” 

5. CONCLUSION 

The analysis of the measurement results and the 
evaluation of the electromagnetic exposure in the 22 
investigated “sensitive” areas have shown the 
following: the measured values of EMF are within the 
maximum permissible levels according to the national 
legislation. In case of location of large number of 
communication transmitters in one place, the levels of 
EMF are up to 50% of the maximum permissible values 
(10 μW/cm2) according to the national legislation for 
general population. Taking into account the 
uncertainty, the total quantity will be close to the limit, 
regarding national legislation. 

The measured values at two of the investigated 
regions are less than 1% of the reference levels 
according to the Council recommendation for the 
frequency range around 900 MHz. [8], [9] 

The applied method of randomly selected points for 
measuring and evaluating EMFs in “sensitive buildings 
and locations” is informative and applicable for the 
purposes of monitoring and control. 
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